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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document is based on a testing protocol developed by the European Structural Integrity Society
(ESIS), Technical Committee 4, Polymers, Polymer Composites and Adhesives, who carried out the
preliminary enabling research through a series of round-robin exercises which covered a range of
material samples, specimen geometries, test instruments and operational conditions (see References [3]
to [6]). This activity involved about 30 laboratories from 12 countries.
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Plastics — Determination of fracture toughness (G;c and
Kic) at moderately high loading rates (1 m/s)

1 Scope

This document specifies the principles and provides guidelines for determining the fracture toughness
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ure testing at high loading rates presents special problems because of the-presencg
ts: vibrations in the test system producing oscillations in the recorded guantities,
producing forces on the test specimen different from the forces sensed.by the test fi3
ts need either to be controlled and, if possible, reduced by appropriate action, or els¢
hccount through proper analysis of the measured data.

relative importance of such effects increases with increasing testing rate (dec
fion). At speeds of less than 0,1 m/s (loading times of greater than 10 ms) the dyn
be negligible and the testing procedure given in ISO 13586 can be applied as it stand
paching 1 m/s (loading times of the order of 1 ms) the‘dynamic effects may become sig

b are contemplated in this document. At speeds;of'several meters per second and hig
5 markedly shorter than 1 ms) the dynamic effects become dominant, and different aj
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in valid except where expressly stated otherwise in this document.

The methods are suitable for use with.the same range of materials as covered by ISO 13586
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igid and semi-rigid thermeplastic moulding, extrusion and casting materials;
igid and semi-rigid thermosetting moulding and casting materials;
heir compounds centaining fibres < 7,5mm in length.
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Although the dynamic effects occurring at high Toading rates are largely dependent on
tested as well as on the test equipment and test geometry used, the guidelines given here are valid in
general, irrespective of test equipment, test geometry and material tested.

the material

The same restrictions as to linearity of the load-displacement diagram, specimen size and notch tip
sharpness apply as for ISO 13586.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
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ISO 13586:2018, Plastics — Determination of fracture toughness (Gjc and Kjc) — Linear elastic fracture
mechanics (LEFM) approach

3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO 13586 apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Eled

tropedia: available at http://www.electropedia.org/

4 Test specimens

4.1 Specimen geometry and preparation
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ow-rate testing case covered by ISO 13586, two test configurations are recomme

), see Figure 1.

size, preparation, notching and conditioning of test specimens shall comply with
s set out in Clause 4 of ISO 13586:2018.

 length and number of test replicates

prmination of Kj¢

v-rate testing case covered by ISO 13586/ measuring test specimens having the same
quate for determining Kjc. The initialerack length a should be inthe range 0,45 <a/w <
view of the lower degree of accuracy to be expected with measurements at high raf
ompared with low-rate testing, it is recommended that at least five replicates, with
le range specified above, be.used to determine Kj¢, and the results averaged.

prmination of Gic

with the low-rate'testing case covered by ISO 13586, a multi-specimen procedure, us
[ specimens with-identical dimensions but varying crack-length as specified below, sh{
letermining Gie:

valid déeterminations shall be made, with initial crack length varying over the 1
< 0,70,for the SENB configuration and 0,40 < a/w < 0,75 for the CT configuration.
thie\five determinations made on test specimens having initial crack lengths in the j

0,45 <a/wH

hded,

three-point bending [also called single edge notch bend (SENBJ] and the compact tepsion

1 the

rrack
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es of
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ing a
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(055 to obtain Kjc. It is then suggested that, of the remaining ten test specimens to be

sed,

six have initial crack lengths in the range 0,20 < a/w < 0,45 and four in the range 0,55 < a/w < 0,70 in
the case of the SENB configuration and three have initial crack length in the range 0,40 < a/w < 0,45 and

seven in the

range 0,55 < a/w < 0,70 in the case of the CT configuration.
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specimen thickness
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Figure 1 — Test configurations as specified in 4.1 and 6.2

4.3 Measurement of test specimen dimensions

Measurement is carried out as described in 5.7 of ISO 13586:2018.
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5 Test conditions

5.1 Loading mode

The test shall be performed at constant load-point displacement rate. A maximum variation of 10 % in

the load-poi

nt displacement rate during the test is allowed (see 6.1).

5.2 Testspeed

As a basic test condition, it is recommended that a load-point displacement rate of 1 m/s be used. If a
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nsitive materials such as plastics, a more significant measure of the rate of the experi
its duration, i.e. the time required to bring the test specimen to fracture. The tin
s understood here as the time interval between the moment when the load starts actil
fimen and the point of fracture initiation as defined in 8.1.

 load-point displacement rate the time to fracture varies with material and spec
results at a given time to fracture (e.g. 1 ms) are desired, it is necéssary to adapt the

pose it is expedient to run some preliminary trial tests at different testing speed;
isplacement rates) to determine the testing speed required\to obtain the assigned tir
ler the given test conditions.

the time to fracture, t;, shall also be quoted in the testyeport.

itmosphere and temperature

btermined as described in 5.6 and 5.8 of ISQ¥13586:2018.

Juipment

Ing machine

f loading machine (impact pendulums, falling-weight towers, servo-hydraulic univj
hines, etc.) is permitted, provided it is capable of applying an adequate load to brin
fracture at the required load-point displacement rate and of maintaining this rate con
Lhe test up to fracfure initiation. With testing machines of limited capacity, this require
be verified/dy-preliminary tests, especially when new materials are tested or when
ns (e.g. change in specimen size) are used.

n in theéload-point displacement rate during the test shall be determined and quote
o of.the rate at fracture initiation.
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6.2 Loadingrigs

Unlike for low-rate testing, the use of fixed anvils rather than moving rollers is preferred for conducting
three-point bend (SENB) fracture tests under high rate conditions, as is normally the case with standard
impact pendulums. The span between the supports shall be adjustable however, so that specimens of
different size can be accommodated, as specified in Clause 4 of ISO 13586:2018.

NOTE In the case of three-point bend testing (SENB specimens), improved results can be obtained if the test
piece is held in contact with the anvils by light springs (e.g. rubber bands). These will assist in maintaining the
test piece in position during the sudden load transmission from the machine to the test specimen, and ensure
more reproducible records.
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Instrumentation

Acquisition of a complete record of the load/time response of the material sample under test is
essential for the determination of Kj¢. In addition, a means of evaluating the displacement of the moving
load-point during the test is necessary for the independent determination of Gjc. Instrumentation
of the testing machine should thus comprise, basically, a force sensing and recording system and a
displacement measuring and recording system or devices to measure and record quantities from which
the load and the load-point displacement can also be indirectly determined.

The adequacy of the response of this equipment to the dynamic events occurring in the relevant
determinations shall be checked. It can be considered satisfactory if a plain plastic specimen (without
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igital recording system is used, the sampling time should be less than 1/200 of the time
least 200 data points should be collected over the time interval from the firstinhcrease
e point of fracture initiation in order to define the required data curve with.sufficient

Control of dynamic effects

Electronic filtering

[irst manifestation of dynamic effects is the presence of‘oscillations in the load-recoj

bnse of the specimen under test. It is thus desirableithat these effects be contained. Re
ations artificially, a posteriori, by electronic filteéring or attenuation can be fallacio
it may wipe out some real features of the specimen response. Therefore, electronid
uation is not permitted unless the source :¢f’the removed “noise” is known and the ¢
is understood.

an 100 N at
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may complicate the interpretation of the test receonds up to the point of obscuripg the basic
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t
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t time

a  [Inertial peak.

Figure 2 — [[ypical load/time record in'the absence of signal attenuation and mechanical dam

7.2 Mechanical damping

Some contrgl of the effectsofinertial loads can be achieved by proper mechanical damping of the
transmissiop. With impacttesting machines the impact may be cushioned by means of a soft pad, p
where the tiip strikes-the specimen. The pad should reduce the inertial effects by reducing the “co
stiffness”. With high=<speed testing machines (e.g. servo-hydraulic), initial acceleration of the spec
can be contrfollediby means of a damper applied in the motion transmission unit.

ping

load
aced
ntact
imen

With impac

layer of a pasteora hlghly viscous grease over the contact surface either ofthe tup ofthe str1k1ng hammer
or of the test piece. For the sake of reproducibility it is important that the grease be homogeneous and
evenly applied, with thickness constant to £0,05 mm. This can be obtained by delivering the grease
with a spatula through an aluminium stencil having the required thickness, normally a few tenths of a

millimetre, as shown in Figure 3.

With high-speed testing machines and CT test specimens the damping pad can be more conveniently
made of a viscoelastic rubber-like material with a low coefficient of restitution. The rubber-like

character should ensure a more or less complete recovery of the pad deformation after each test,
allowing the same pad to be used repeatedly.

thus
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7.3 Damping level

If mechanical damping is applied, it shall be kept to a minimum, sufficient to contain the fluctuations in
the force-time trace within the 10 % envelope defined in 8.1. To obtain this optimal result it is advisable
to run some preliminary trial tests to gauge the performance of the damper. This can be varied by
changing the consistency of the damping material used and/or the thickness of the pad made thereof.

Key
1  3gluminium stencil
2 damping pad

Figure 3 —Deposition of damping pad on SENB test specimen

If th¢ test specimens are.in short supply, it is advisable to use an unnotched specimen fo assay the
perfgrmance of the damper. The dynamic effects that are to be controlled by mechanical amping are
in fa¢t largely independent of crack length and the use of an unnotched specimen offers the advantage
that It can stand fepéated strokes without breaking.

In order to_determine the level of damping needed to meet the requirement stated in 8J1, reference
should bemade to the worst case to be expected in the testing programme, i.e. the case of the specimen

with|the‘deepest notch, which will present the lowest fracture resistance and thus the lgrgest (force
oscillation)/(fracture load) ratia

7.4 Check on speed

Because of damping, some deviations from the pre-set load-point displacement rate may ensue. Thus,
if mechanical damping is applied, the instrument shall be reset to the desired load-point displacement
rate and its constancy checked (as requested under 5.2) under the actual test conditions, i.e. with the
damping device in place.

If mechanical damping is applied, it shall be recorded in the test report.

© ISO 2018 - All rights reserved 7
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8 Data handling

8.1 Analysis of the test records and identification of fracture initiation

These tests, as well as the low speed tests covered in ISO 13586, are designed to characterize the
toughness at fracture initiation. Once a fracture test has been performed and the load-time or load-load
point displacement curve has been obtained, the question arises of identifying the point of fracture
initiation. Several techniques are possible, but in this document it is deduced from the load diagram.

The same rules as those stated in ISO 13586, for the determination of Fq are used here, but in the case
of high-rate testing some preliminary analysis of the load-time record is required to make sure that

dynamic eff

Firstly, in th
an arrested

Secondly, tH
is tolerated
the force ej
requiremen
displacemer

The procedt

Draw a smo
Fmax and F
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bcts do not obscure the basic response of the specimen under test.

e case of high-rate testing, a load drop before maximum load should not be assunied
crack extension (“pop-in”), unless borne out by examination of the fracture surface.

e occurrence of force peaks and fluctuations in the initial part of thé\load-time re
but a limit is placed on force fluctuations in the portion of the force-time record w
kceeds 1/2 of its value at fracture initiation and the curve is smoothed. The line
s referred to in 6.1 of ISO 13586:2018 need to be verified herevon the “smoothed”
It curve.

Ire is as follows.

pth mean force-time curve through the experimental load-time record, F(t), and deter
hax /3 on that curve (see Figure 4). Then improve the determination of the mean |
by a computer-aided curve-fitting procedure. The following empirical fitting formy

to be

cord
there
arity
load-

mine
oad/
1la is

suggested:

F(t)=m(t—to)—b(t—ty)" 1)

where tg, m|b and n are (positive) fitting paraitieters, with n preferably =5.

1 use
ed to
. The
ralue
time
= 0.
o the

Use the cur
this set of v
the portion
value of the
turns out to

to and repe

ye drawn previously to obtain‘a first estimate of these parameters (see Annex A) an
hlues at the start of the regiession analysis. The regression analysis should be confin
pf the experimental curyecomprised in the time interval defined by Finax / 3 and Fay
initial time, tg, should\also be derived from the regression analysis. However, if that
be smaller than thetime when the force signal first rises, take the latter one as initial

it the curve fitting by forcing the new curve F(t) to pass through the point t = tg, 4

Finally, detgrmine FQ on thé curve F[t) (Figure 4), as indicated in 6.1 of ISO 13586:2018 (see als

Note below)|. To this€nd, the “maximum load” — to be denoted Fmax — is defined here as the value of
the fitted force, F(t), at time t = tyax corresponding to the maximum of the experimental curvs

Figure 4).

(see

The curve I?(t) so obtained is assumed to be a good representation of what the load-time response of

the system would be in the absence of dynamic effects, provided it meets the following requirement
(see Figure 5): the force F(t) recorded experimentally shall not deviate from the mean current value

F(t) by more than 5 % of the critical value Fg over the time interval defined by F, /2 and Fj. To
check this draw two lines parallel to the curve F(t) at a distance of 5 % of IFQ on either side of it, over

the time interval defined by I?Q /2 and I;Q. All parts of the experimental curve F(t) in that interval
should fall within this 10 % envelope. If the experimental curve F(t) fails this requirement, then the
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determination shall be deemed invalid. Before abandoning any determination however, action shall be
taken to try and reduce the dynamic effects further, as stated in Clause 7.

NOTE  Once the parameters of the best fit have been determined, the two straight lines to be used in order to
identify Fqy (see 1SO 13586:2018, 6.1) can be simply obtained as given by the formulae F=m(t-t,) and

F= 0,95m(t -t ) and the value of Es can be readily calculated as 135 =0,95m(0,05m/ b)l/(n_l). Furthermore,
if EQ =I?5 then the time to fracture can be calculated as tf= t5 - tg = (0,05 m/b)1/(n - 1),

F
T,
max
L
~F /3
\\Fm
/ )
lo lq !max {

Key
F load
t time
F(t) | load-time cutve'tecorded experimentally
F(t)| load-time fitted curve
Fmax | maximum load
tmax | timé at maximum load

load at fracture initiation;

Q
tQ time at F = EQ
to initial time
te time to fracture

Figure 4 — Schematic representation of curve fitting and determination of FQ and t¢
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Key
F load
t time
Other symbols are as per Figure 4

Figure|5 — Schematic representation of limits of permissible force fluctuations in the
fracture test

8.2 Energy correction

8.2.1 General

As in the low-ratestesting case covered in ISO 13586, Gj¢ shall be determined directly from the ernergy
derived fro 1ntegrat1ng the load load point dlsplacement dlagram As 1r1 the low- rate case howjever,
the area Wdunder the measured load-load pg place £ g £ eous
contributions in excess ofthe true fracture energy, WB, and some correctlons are requlred before GIC can
be calculated from that energy. As a matter of fact, unless an external displacement measuring device
is used (e.g. optical), the apparent load point displacements are in excess of the specimen deformation.
Besides indentation of the test piece and compliance of the testing machine, the compression of the
mechanical damping device (if used) also contributes to this excess. Correction for these effects is
covered in 8.2.2. Moreover, in the case of high-rate testing, the area Wq under the measured load-load
point displacement curve also contains some contributions from the kinetic energy (Ukin) of the moving
test specimen and from inertial loads (Ujpert) produced by test piece acceleration. A procedure to get rid
of these parasitic energy terms is described in 8.2.3.

10 © ISO 2018 - All rights reserved
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Key
oad
oad point displacement

oad at fracture initiation

S0

q ¢verall energy input up to fracture.initiation

Figure 6 -—Evaluation of energy I/, from the fracture test

8.2.1 Test piece indentation, machine compliance and damper compression

The |correction _for test piece indentation, machine compliance and damper compresgion can be
estimated frem‘a separate test, to be performed on an unnotched specimen, as specified in 5.5 of
ISO 13586:20:18. Suggested unnotched specimen arrangements for the correction test afe shown in
Figures.7 aJ'and b), for SENB and CT configurations, respectively.

It iS Asficalbhla 0 coseyg At bvazn e thron ranlicatrnc ~fF b s
Uvioauic tu var l] \VACSCELVA A AV ALV WLV B P S W) iy § \tl_’ll\fu‘r\'o APZ U S ACEL VLV b up §

and, in case of large variations, to check for possible errors.

~repeatability

The force/displacement correlation obtained in the correction test is integrated up to the initiation load
Fy determined in the fracture test (see Figure 8) and the obtained energy Wor is subtracted from the

energy Wq obtained by integrating the force/displacement curve measured in the fracture test (see
Figure 6).

© ISO 2018 - All rights reserved 11
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>1/2

QNN nl |

w h

a) SENB configuration b) CT'configuration

Key
L  span befween supports in the fracture test
w  specimeh width

h  specimeh thickness

Figure 7 — Arrangements for the energy correction test
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sure 8 — Evaluation of entergy W, from the correction test as specified in 8.2.1
obtained from the'correction test and the fracture test are shown superposé

magnitude of this correction, Wcor, depends on the magnitude of EQ, which may vary s

specimentto specimen, especially if the initial crack length to width ratio, a/w,
ction shieuld therefore be computed for each specimen subjected to the fracture test,

respective total energy to fracture, Wy.
éeified in 5.5 of ISO 13586:2018, the correction test shall be performed such that the

overall input energy up to fracture initiatign

the plots
.d)

(up to load F) is the same as in the fracture test, i.e. t. This will involve lower test speeds to reach the

same load in the same time, e.g. about half the speed of the fracture test. Furthermore, with specimens
of varying crack length this requirement would imply performing different correction tests at different
speeds. This is deemed unnecessary provided time-to-fracture variations among the given set of
specimens are less than 50 % of the mean time-to-fracture; it is then sufficient to perform the correction

test at a mean testing speed.

Because of the damper compression contribution the correction may be substantially larger than it is
in the low-rate tests, where no damping is applied. Moreover, because of dynamic effects and the effect
of mechanical damping the load-load point displacement curve obtained in the correction experiment
is seldom linear, and the practice of linearizing the near-zero data before evaluating displacement
or compliance corrections, as suggested in ISO 13586, is not advisable. It is preferable to follow the

alternative way of correcting energies, as stated above.

©IS
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8.2.3 Kinetic energy and inertial loads

The corrected energy Wq,cor = (Wq — Wcor) should be further diminished by the two aforementioned
parasitic energy terms, Ukin and Ujpert, to obtain the true fracture energy Wp from which Gic can be
determined.

An alternative route that completely circumvents the need to evaluate that correction consists of
determining Gic from the slope of a plot of fracture energy versus the energy calibration factor ¢ (or the
product hwe) [see Formula (6) of ISO 13586:2018 and Figure 9 a) of the present document] obtained by
testing a series of specimens with equal dimensions but varying crack length. Since Ukin and Ujpert are
essentially independent of crack length, their addition to the fracture energy Wpg in an energy versus ¢

(or versus h

NOTE Sy
Wq. As amat
inertial effec
result of the |

9 Expre;{

9.1 Detel

The value
ISO 13586:2

The provisid
stated in 6.

criterion, the “maximum load” that FQ is to be confronted with is the value

The time to
when the lo

9.2 Detel

The uniaxia
loading rate
constant sty
observed in

Since oy is &
conservativ
conditions. |

4 1 =11 PR PN 4l 1 1 b : L I o121
WP ) s1dpll WITIIUU dILTT LT SIUPC, dIIU TTU COTTTULIUITNIS TITLESSdT Yy [SCT IIISULT JUJ|.

btraction of Weor from Wq does not get rid of the kinetic and inertial contributions contain
Ler of fact, when W,y is measured (correction test) specimen’s motion is essentially suppresse
Ls are substantially reduced compared with the inertial effects occurring in the fracture test
educed speed used in the correction test (see 8.2.1).

s5sion of results

'mination of Kjc

hf EQ determined as specified in 8.1 is used to calculate Kq as specified in 6
018.

nal value, Kq, shall be checked for linearity and.Size requirements according to the cr1
4 of ISO 13586:2018 before it can be assumed to be a valid Kjc value. For the ling

defined in 8.1.

Fmax

fracture, tf, is then evaluated as the difference tf = tq - to between the time at the in
hd is FQ and the initial time tg as determined above.
'mination of oy

| tensile yield stress, oy to-be used in the size validity criteria should be determined y

oke-rate such that@he loading time to yield, ty, is within 20 % of the actual loading
the fracture test &g

decreasing‘function of time, a low-rate value may be used in the first instance to g
e size vatug. If the result is valid, it is then unnecessary to measure oy under high
f the result is invalid, determine and use the high-rate oy value.

ed in
d and
,as a

3 of

teria
arity

stant

nder

conditions comparable to those in the fracture test: the tensile test can be performed at a

time

ive a
-rate

14
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w, uw
Wo
WCDF
Q, cor
AGIC Wy
A Gic
Ukin+ Uinert
A L
hwe hwep
a) From fracture energy, b) From corrected energy,
Wpg plotted versus hwgop Woyeor = (Wq - Weor) plotted versps hwe
Key
Wpg | fracture energy
U, W | various contributions to total energy Wy (see text)
hw¢ | normalized specimen cross-section area (see text)
Gic | fracture toughness
Figure 9 — Determination of Gic

If a hjigh-rate testing maching-is-not available for the tensile test, oy may be determined by extrapolation
me-scale.

them under
h individual

cified in 9.1.

Determine Wq for each individual test specimen by integrating the respective load-load point
displacement diagram up to the load point (F ) defining fracture initiation (see Figure 6).

Determine the energy correction, Weor for each individual test specimen by integrating the load-load
point displacement diagram of the correction testup to Fy (see Figure 8).

Plot the corrected energies, Wq cor = (Wq - Weor), as a function of hwe and best fit a straight line through
the data points [see Figure 9 (b)]. From the slope of this line the value of Gic is determined.

The parasitic energy contribution (Ukin + Uinert) mentioned above will appear on this plot as a positive
intercept of the regression line on the energy axis. If a negative intercept is obtained then the results
should be examined for possible errors.

© IS0 2018 - All rights reserved 15
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If results at a fixed time to fracture are desired, specimens of varying crack length should be tested
under different testing speeds (i.e. load point displacement rates) in order to obtain the same time
to fracture. If the same test speed is used and the effect of varying time to fracture is neglected, the
resulting Gic value should be quoted in association with the mean time to fracture obtained in the Kjc
determination.

In view of the difficulty in determining the correct specimen compliance under high-rate conditions,
the cross check on accuracy via Et/(1 - u2) suggested in 6.5 of ISO 13586:2018, should not be applied

here. The value of Kic2/Gic should still be reported for the sake of information.

10 Precision
Tables 1 angl 2 give sets of data obtained on two representative materials producing a loading qurve
(mean line) |nearly linear up to the maximum force and a loading curve (mean line) slightly cufved,
respectively.
Table 1 gives the set of data obtained by twelve laboratories on a polyvinylchloride (RVC) sample. All the
data were optained in SENB testing and three types of testing machine were used: impact pendulum,
falling weight and servohydraulic testing instrument. Fracture initiation was-generally identifigd by
the point off maximum force (column four). The means of the Kjc values obtained from valid tegts at
a/w ~ 0,5 gre given together with the partial standard deviations (celumn eight). The slope dof the
linear regression through the corrected energy values obtained froni yalid tests covering a ra1(11ge of
a/w is given for Gic (column eleven). The standard deviation from the mean values of all particippting
laboratorieq (bottom lines) is 5 % for Kjc and 18 % for Gic.
Table 1 — Kjc and Gjc measurements on PVC
Lab. Testi_ng Specimen (1;5‘ Mt:fan . .ch determimation . Gic determination Kicd/Gic
No. madhine type | ms alid a/w I{IC . Valid a/w Gic GPa
max tests MPa-ml1/2 | tests range Kk]/m?2
1 Falling weight SENB max. | 0,73 5 0,54 | 2,70+0,26 9 0,20t0 0,71 1,47 4,96
2 | Servohydraulic SENB max. | 0,78 5 0,50 | 2,65%0,10 15 0,20 to 0,70 2,19 3,k1
3 Pendulum SENB max. | 0,60 6 0,50 | 2,60+0,17 13 | 0,19t0 0,69 1,63 4,15
4 Pendulum SENB max. | 056 3 0,49 | 2,45+0,07 12 0,20to0 0,70 1,50 4,00
5 | Servohydraulic SENB max. |\0,70 5 0,50 | 2,76 £0,13 15 | 0,20t0 0,71 2,00 3,81
6 Falling weight SENB max/| 0,63 5 0,51 | 2,53+0,02 15 0,20 to 0,70 1,90 3,B7
7 Falling weight SENB max. | 092 5 0,51 | 2,51+0,13 14 | 0,20to 0,65 1,45 4,84
8 Falling weight SENB 5% | 0,63 4 0,50 | 2,82+0,27 13 | 0,25t00,70 1,85 4,80
9 Falling weight SENB max. | 0,82 3 0,50 | 2,59+0,08 11 0,20 to 0,65 1,25 5,87
10 | Servohydraulic SENB max. | 0,81 4 0,50 | 2,56+0,12 11 | 0,20t00,72 | (3,23)a -+
11 | Servohydraulic SENB max. | 1,27 5 0,52 | 2,82+0,28 15 0,21to0 0,71 (5,08)b -+
12 | Servohydraulic SENB max. | 0,50 1 0,52 2,88 8 0,21t0 0,62 | (5,00)b -+
mean 2,66 +0,15 mean 1,69
standard 0,14 standard 0,31
deviation (5%) deviation (18 %)
a Error suspected.
b Without energy correction.

Table 2 gives the set of data obtained by ten laboratories on a rubber-modified poly(methyl methacrylate)
(PMMA-RT) sample. Most data were obtained in SENB testing and three types of testing machine were
used: impact pendulum, falling weight and servo-hydraulic testing instrument. Fracture initiation was
mostly identified with the 5 % offset (column four). The means of the Kjc values obtained from valid
tests at a/w ~ 0,5 are given together with the partial standard deviations (column eight). The slope of
the linear regression through the corrected energy values obtained from valid tests covering a range of
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a/w is given for Gic (column eleven). The standard deviation from the mean values of all participating

laboratories (bottom lines) is 8 % for both Kjc and Gic.

Table 2 — Kjc and Gjc measurements on PMMA-RT

Kic determination Gic determination
Lab. Testing Specimen Fs | Mean . Ic . ic Kic2/Gic
No. machine type or i | Valid a/w Kic Valid a/w Gic GPa
Fmax | MS | tests MPa-ml1/2 | tests range k]/m?2
1 | Fallingweight | SENB ‘E%/’; 098 | 5 |045| 416+046 | 7 |0,36t00,70| 4,25 3,58
2 _|Servohydraulic| SENB 5% | 1,21 5 047 | 3,70+0,04 10 _10,16t00.65 5,03 2,73
3 Pendulum SENB 5% | 1,12 5 0,49 | 3,42+0,09 14 |0,25t0 0,69 4,08 2,87
4 | |Servohydraulic| SENB 5% | 1,20 5 0,51 | 3,71+0,08 11 |0,36to0 0,66 4,23 3,19
Falling weight SENB 5% | 096 5 0,50 | 4,12 +0,05 11 |0,35to 0,65 4,20 3,90
Falling weight SENB 5% | 1,00 5 0,50 | 4,13+0,07 11 |0,35t00,65 4,70 3,43
5
Falling weight SENB 5% | 1,00 5 0,50 | 3,92+0,02 12 | 0;30to 0,65 4,30 3,48
6 | | Servohydraulic SENB 5% | 1,10 5 0,50 | 4,20 0,45 10\70,36t0 0,60 4,67 3,78
7 ||Servohydraulic| SENB “gi‘,/’; 1,03 9 |049| 421+016¢{} 23 |0,19t00,69| 495 3,58
Servohydraulic SENB max. | 1,32 0,49 | 4,49 +0,04 15 |0,17t0 0,70 4,71 4,21
Servohydraulic| SENB max. | 0,66 0,50 | 3,71+0,23 5 10,28t00,50| (5,54) —
10 | | Servohydraulic CT 5% | 1,06 0,51 | 3,71+£0,06 15 [0,31t00,71| (8,44) —
mean 3,96 £ 0,15 mean 4,51
standard 0,31 standard 0,34
deviation (8 %) deviation (8 %)
a  Without energy correction.
b Hrror suspected.
11 Test report
The test report shall contain‘the’following information:
a) teference to this documient, i.e. ISO 17281:2018;
b) 3ll details necessary for complete identification of the material tested, including source pnd history;
c) festspecimen'shape (SENB or CT) and dimensions;
d) mnotchinig'method used;

e) 1

eStitemperature and speed;

f) type of test apparatus used;

type of mechanical damping device used (if any);

maximum test speed variation during the tests (if in excess of 10 %);

i) an example of load-time or load-displacement curve, showing the 10 % envelope and FQ

determination;

j)  number of specimens tested and the ranges of crack length used for determining Kic and Gic
respectively;

k)

© ISO 2018 - All rights reserved

kind of initiation point (pop-in, 5 % offset or maximum load) and the ratio

Fmax

/}75 , if relevant;
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1) time to fracture;

m) yield stress determination procedure used and the loading time;

n) results of the size criteria assessment;

o) diagram of energies Wq and Wq cor versus hwe;

p) critical stress intensity factor Kj¢ and critical energy release rate Gjc;

q) value of Kic2/Gic.

18
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Annex A
(informative)

Estimation of curve fit parameters

Once a smooth mean force-time curve F(t) has been drawn by guesswork (full line in Figure A.1), the

valu

and initial slope m, can be evaluated from the initial tangent I?’(t) (dashed line in FiguréA

F(t)
F'(t

m

m, to, b, n

F

F(t) = m{t-to)

F / F(t) = m(t-ty) — b

) I

load

time

fitting load-time curve
initial tangent

initial slope

fitting parameters

itial time ¢g

1).

t=to)"

Figure A.1 — Construction for the estimation of the curve fitting parameters tog, m, b, n

The values of the two parameters, b and n, which characterize the deviation from linearity can then be
estimated as follows.

© ISO 2018 - All rights reserved
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Draw two vertical lines through the curved portion of the ﬁ(t) curve (e.g. at times t1 and t7) and

measure the two segments 1?11?1 and 1?2132 (see Figure A.1), then n is calculated from

o2 Inl(Fy = F,)/(Fy ~Fy)]

e — (A1)
In[F, /F;]
and b is obtained from
b=m(ty —t) " —F (t; —to) ™" (A.2)
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Annex B
(informative)

Recommended test report forms

Recommended test report form ISO 17281, page 1 of 5 Form (a)

Name: Date of testing:
Organization: ISO Standard:
|Material: Tempepature [°(]:

GENERAL TEST CONDITIONS
Testlequipment characteristics

1.1. Type of testing apparatus:

1.2. Test fixture (if different from that stated in the standard):

1.3. Instrumentation:

1.4. Quantities monitored:

1.5. Sampling time ts [ps]:

Test|performance

2.1. Inertial peak height (without damiping): >100 N?

2.2. Mechanical damping devicé used (if any):

2.3. Load-point displacement rate variation during the test: <10 %?
2.4. Minimum time to fracture recorded, tf min [ms]:

2.5. Minimum number of data points between tg and tq (i.e. tf min/ts): >2007

Data handling

3.1. Determination of FQ: curve regression analysis applied successfully?

3.2..Yield stress determination procedure used:

Remarks (Any deviation from procedure and conditions stated in the International Standard):

© ISO 2018 - All rights reserved
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Recommended test report form ISO 17281, page 2 of 5 Form (b)

Name: Date of testing:
Organization: ISO Standard:
Material: Temperature [°C]:
Kic DETERMINATION
Notching method: root radius: [nm]
1 Specimen N° Mean | St.dev.
2_ Specimen type h [mm] ,\“.V
3 (SENBor CT?) w [mm] Cb
— dimensions /\(1/
ol [ — ot 8
5 a/wl-] O
6 | Dpmping applied? (Y/N)
7 | Speed [m/s]
8 | Speed variation: <10 %? (Y/N)
9 Fluctuations: within limits? (Y/N)
i F max [N]
1 Load FQ [N]
E Q = <pop-in>, <5 %> or <max>?
|~ — — A\v
i If Q = <5 %>: Fmax/FS
14 <1,1? (Y/N)
15 | Time to fracture, t¢ [ms]
16 | G¢ometry calibration factor f(a / w) [-]
171 K, szQ Jhw'/?  [MPaml/2}
18 measured or calculated? (M/C)
19 |vield [0, [MPal
E Time to yieldty [ms]
21 2,5 (Kq /6y)2 [mm]
z o <h? (Y/N)
23 <a? (Y/N)
24| <(w-a)? (Y/N)
25 | K|c [MPa m1/2]
26 | Time to fracture, t¢ [ms]
27 klc =Ky /t; [GPam1/2s-1]
28 Wq, uncorrected [m]]
g Energy correction, Weor [m]]
30 |Energy | Wq,cor= Wo - Weor [m]]
3_1 Energy calibration factor, ¢ (a/w) [-]
32 ] hweb [mm?]
33| Gic (from Wq,cor slope) [k] m-2]
34 | Kic2/Gic [GPa]

NOTE

22

White cells = to be filled in with experimental data; light grey cells = to be calculated. Heavy grey cells
will remain empty.
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